Objective: We aimed to describe the morbidity and mortality patterns in HIV-positive adults hospitalized in West Africa. Method: We conducted a six-month prospective multicentre survey within the IeDEA West Africa collaboration in six adult medical wards of teaching hospitals in Abidjan, Ouagadougou, Cotonou, Dakar and Bamako. From April to October 2010, all newly hospitalized HIV-positive patients were eligible. Baseline and follow-up information until hospital discharge was recorded using standardized forms. Diagnoses were reviewed by a local event validation committee using reference definitions. Factors associated with in-hospital mortality were studied with a logistic regression model. Results: Among 823 hospitalized HIV-positive adults (median age 40 years, 58% women), 24% discovered their HIV infection during the hospitalization, median CD4 count was 75/mm 3 (IQR: 25Á177) and 48% had previously received antiretroviral treatment (ART). The underlying causes of hospitalization were AIDS-defining conditions (54%), other infections (32%), other diseases (8%) and non-specific illness (6%). The most frequent diseases diagnosed were: tuberculosis (29%), pneumonia (15%), malaria (10%) and cerebral toxoplasmosis (10%). Overall, 315 (38%) patients died during hospitalization and the underlying cause of death was AIDS (63%), non-AIDS-defining infections (26%), other diseases (7%) and non-specific illness or unknown cause (4%). Among them, the most frequent fatal diseases were: tuberculosis (36%), cerebral toxoplasmosis (10%), cryptococcosis (9%) and sepsis (7%). Older age, clinical WHO stage 3 and 4, low CD4 count, and AIDS-defining infectious diagnoses were associated with hospital fatality. Conclusions: AIDS-defining conditions, primarily tuberculosis, and bacterial infections were the most frequent causes of hospitalization in HIV-positive adults in West Africa and resulted in high in-hospital fatality. Sustained efforts are needed to integrate care of these disease conditions and optimize earlier diagnosis of HIV infection and initiation of ART.
Introduction
Since 1996, combination antiretroviral treatment (ART) has consistently improved the prognosis of HIV-positive individuals with a dramatic decrease in HIV-related morbidity and mortality, as clearly demonstrated in cohorts of seroconverters in Europe [1] . These results have also been subsequently described in Africa [2Á4] . Since 2003, the number of HIVpositive individuals treated by ART increased exponentially worldwide, and in 2012, two out of three individuals eligible for ART in sub-Saharan Africa were receiving it [5] . Thus, Africa has reduced AIDS-related deaths by one-third between 2005 and 2011 [6] . Nevertheless, the case management of HIV-positive individuals remains challenging in these countries with limited resources [7] . First late diagnosis of HIV infection and late initiation of treatment lead to a high frequency of AIDS-related morbidity during the first 6Á12 months of ART initiation [2,8Á11] . Second, tuberculosis (TB) and invasive bacterial diseases are the most frequent reported causes of morbidity [8, 9, 12, 13] . Their prognosis is worse when the costs of the diagnosis and treatment are born by the patient or his/her relatives [14, 15] . Third, the use of poorly tolerated ART regimens may expose to frequent adverse effects and unplanned treatment discontinuations [16] . Finally, as they live longer with a longer cumulative period on ART, HIV-positive individuals may experience a wider range of co-morbidities [17] , including cancers and cardiovascular diseases. The distribution of these comorbidities may differ in Africa from those described in industrialized countries because of different environmental and pathogenic contexts and of different socio-economic and behavioural conditions. Moreover, the frequency and the type of morbidity may vary according to the immunosuppression level and duration of treatment [8] .
Knowledge is limited on causes of morbidity and mortality in HIV-positive patients followed in HIV care programs in West Africa. Available data come mainly from research protocols, clinical trials or specifically designed cohort studies, which may differ from routine programs by the selection of the population and by the means engaged to diagnose clinical events. Moreover, most available data concerning hospitalizations come from retrospective studies [18Á22] .
Several years after the start of the ART roll-out in West Africa, a region where the ART uptake is among the lowest [6] , we hypothesized that hospital wards may be the destination of most HIV-positive patients with a severe clinical event, either during regular follow-up or after an interruption of their medical follow-up.
Thus, the prospective description of HIV-positive hospitalized patients with a systematic documentation of reasons of hospitalization, diagnosis and outcome may contribute to improve the case management and plan the availability of diagnostic and therapeutic means, as well as constitute the rationale for improving preventive measures. We aimed to describe here the profile of hospitalized HIV-positive patients in the ART era in a large sample of West Africa tertiary care level hospitals, and identify the spectrum of severe illness and the cause of deaths in this context.
Methods

Design and settings
The International epidemiological Database to Evaluate AIDS (IeDEA) network (http://www.iedea.org/) was initiated in July 2006 to address evolving questions in HIV/AIDS research unanswerable by single cohorts by collecting and harmonizing data from multiple HIV/AIDS cohorts and programs. The IeDEA West Africa collaboration (http://mereva.net/iedea) currently involves 16 adult HIV/AIDS clinics spread over nine countries in West Africa, representing more than 60,000 HIVpositive adults followed in these centres. Within this network, we performed a six-month prospective multicentre survey from April, 2010, to October, 2010. In six HIV-specialized hospital wards in tertiary hospital in Benin, Burkina Faso, Côte d'Ivoire, Mali and Senegal, all newly hospitalized HIVpositive adults ]18 years were eligible, if previously known as HIV-positive or newly diagnosed during the hospitalization. Baseline and follow-up information during hospitalization were recorded using a standardized clinical form.
Available investigations on site were as follows: biochemistry, haematology, blood culture, sputum microscopy and culture for Mycobacterium tuberculosis, drug sensitivity testing for mycobacteria, bacteriology and mycology examination of urine and cerebro-spinal fluid (CSF), hepatitis B surface (HBs) antigen, hepatitis C virus (HCV) antibody, CSF polymerase chain reaction (PCR) for herpes simplex virus (HSV) and cytomegalovirus (CMV), malaria rapid test or thick blood film, chest x-ray, ultrasound, tomodensitometry. Since their cost was borne by the patients, these investigations were not systematically performed but rather selectively prescribed.
Cotrimoxazole prophylaxis was recommended in adults with CD4 countB500 cell/mm 3 ; prophylaxis for TB and Mycobacterium avium complex (MAC) was usually not prescribed. TB treatment (including for multidrug resistant TB) was provided free of charge by the national TB control programme. Cotrimoxazole was freely available for treatment of toxoplasmosis and sulfadiazin or clindamycin plus pyrimethamin were available in most sites at patients' expense. Fluconazole was commonly available for the treatment of cryptococcus infection.
Validation of diagnoses
Diagnoses usually relied on clinical assessment, supported by additional investigations, when performed. Within each clinic, diagnoses were validated by a local event validation committee composed of three to six specialists in internal medicine, infectious disease and in some settings gastroenterology or other speciality on request. The decisions were based on consensus. In case of disagreement, the opinion of another expert was requested. All the clinic committees used common definitions for AIDS-defining events [23] , invasive infections [24, 25] , IRIS [26] and cancers. Diagnoses were classified as presumptive or definitive [27] . The causality assessment of side effects was adapted from the WHO-Uppsala Monitoring Centre (UMC) causality categories, by grouping the categories certain, probable and possible [28] .
We provide below the definitions of the main infectious disease events (other definitions can be found elsewhere
The diagnosis of isolated bacteraemia or sepsis was definitive if: (1) isolation of a clinically significant pathogen from blood culture; and (2) no clinical or paraclinical focus.
The diagnosis of bacterial pneumonia was presumptive in case of: (1) consistent clinical findings; (2) chest radiographic evidence of alveolar pulmonary disease; and (3) successful response to antibiotherapy with no activity against Pneumocystis jirovecii; this diagnosis was definitive if: (1) consistent clinical findings, (2) chest radiographic evidence of alveolar pulmonary disease, or radiology not performed and (3) isolation of Streptococcus pneumoniae, Haemophilus influenzae or non-typhi Salmonella from blood culture.
The diagnosis of TB was presumptive if: (1): (a) consistent clinical findings; (b) presence of acid-fast mycobacteria on sputum sample or bronchoalveolar lavage for pulmonary TB or on normally sterile body fluid or tissue from a site other than lungs (pleural or peritoneal fluid, lymph node, liver biopsy, CSF, blood culture) for extrapulmonary TB; and (c) successful response to standard antituberculous therapy or (2): (a) consistent clinical findings 30 days; (b) no microbiological evidence of a pneumonia due to any other known pathogen for pulmonary TB or no other explanation for extrapulmonary TB; (c) unsuccessful response to standard antibiotherapy; and (d) successful response to standard antituberculous therapy.
The diagnosis of TB was definitive if: (1) consistent clinical findings; and (2) isolation of Mycobacterium tuberculosis, bovis or africanum from sputum sample or bronchoalveolar lavage for pulmonary TB or from at least one normally sterile body fluid or tissue from a site other than lungs (pleural or peritoneal fluid, lymph node, liver, CSF, blood culture) for extrapulmonary TB.
Diagnosis of malaria was definitive if: (1) consistent clinical findings; and (2) presence of Plasmodium sp on thick blood smear.
Cerebral toxoplamosis diagnosis was presumptive if: (1) recent onset of a focal neurological abnormality consistent with intracranial disease or a reduced level of consciousness; (2) brain imaging evidence of a lesion having a mass effect on computerized tomography or the radiographic appearance of which is enhanced by injection of contrast medium; and (3) successful response to therapy for toxoplasmosis.
Cryptococcosis diagnosis was definitive if: microscopy of the CSF was positive by India ink staining and/or culture on Sabouraud's medium and/or cryptococcal antigen was detected by latex agglutination.
Descriptive analysis
We described first the reasons of admission according to the symptomatology that justified entry in hospital. The reasons (7) nonspecific event including symptomatic diagnosis and nonspecific WHO stage 3 events (weight loss 10%, chronic diarrhoea, persistent fever). We then grouped the underlying causes of hospitalization into four broad categories: AIDS, other infection, other diseases and non-specific diseases and described the characteristics of the hospitalized patients accordingly. Finally, we described the overall numbers and percentages of all diseases diagnosed during hospitalization as well as the fatal hospitalizations. We considered as the underlying cause of death the disease or injury, which initiated the train of morbid events leading to death [29] .
Statistical analysis Categorical variables were described using frequencies and percentage. Continuous variables were described using median and interquartile range (IQR).
A logistic regression model was used to analyze the association between in-hospital mortality and the following variables: gender, age, duration since HIV diagnosis, history of cotrimoxazole prophylaxis, history of ART, WHO clinical stage, body mass index, haemoglobinemia, CD4 cell count and underlying cause of hospitalization. Variables with a pB0.25 in univariate analysis were included in multivariate analysis. Analyses were performed with SAS † software, version 9.1.3 (SAS institute Inc. Cary, North Caroline, USA).
Ethical considerations
The IeDEA West Africa collaboration obtained the authorization from the Ethics Committee ''Comité de Protection des Personnes Sud-Ouest et Outre-Mer III'' in Bordeaux, France, and each site obtained the authorization from its National Ethics Committee.
Results
Patients' characteristics From April to September 2010, 824 hospitalizations were recorded in 823 HIV-positive adults in six participating tertiary hospitals in five countries in West Africa. In five out of the six wards where this figure was available, the coverage of HIV screening among hospitalized patients Several illnesses may have occurred during the hospitalization of a given patient; b amebiasis: digestive (n 02), liver abscess (n 01); c malaria: severe Plasmodium falciparum infection (n026 of including two cases of blackwater fever). Lewden 18797 ranged between 98 and 100% during the study period; 58% of these patients were women and the median age at admission was 40 years (IQR: 33Á48) (Table 1) . Overall, 24% of these patients discovered that they were HIV-positive during this hospitalization, 94% were at WHO stage 3 or 4 at hospital admission and median CD4 count was 75/mm 3 (IQR: 25Á177). Among those who knew their HIV-positive status before the hospitalization (N0623), the median time elapsed since HIV diagnosis was 3.7 months (IQR: 0.6Á31.7), 63% were already on ART and 68% had initiated cotrimoxazole prophylaxis. Among the 392 patients who had ever received ART before hospital entry, the median CD4 count at ART initiation was 90/mm 3 (IQR: 32Á178) and the median CD4 count closest to hospital admission was 93/mm 3 (IQR: 30Á231). The median CD4 count of the 431 patients not on ART at hospital entry was 53/mm 3 (IQR: 18Á127); 39 (9%) of these individuals initiated ART during hospitalization.
Causes of hospitalization and diseases diagnosed
The most frequent reason for admission was a non-specific morbidity event (88%). The most frequent underlying cause of hospitalization was an AIDS-defining condition (54%), followed by non-AIDS-defining infections (32%), other diseases (8%) and non-specific illnesses (6%). This distribution did not differ between men and women. For patients who knew their HIV infection for more than six months (N0283), the most frequent underlying cause of hospitalization remained AIDS (42%), followed by non-AIDS-defining infections (37%), other diseases (13%) and non-specific illnesses (8%). Overall, the most frequent diseases diagnosed were: tuberculosis (29%), pneumonia (15%), malaria (10%) and toxoplasmosis (10%) (Tables 2Á6). TB was diagnosed in 242 patients overall including 151 cases of extrapulmonary TB (62%). IRIS was diagnosed in 45 (5.5%) patients, of whom 27 occurred with TB and nine with cryptococcosis (Tables 2Á4). The proportion of malaria cases was 7.8% in patients using a cotrimoxazole prophylaxis prior to hospitalization as compared to 10% in patients without prophylaxis (p00.05). The distribution of other infections did not differ between these two groups.
Adverse effects of treatment were suspected in 45 patients (5.5%), anaemia (n 019) and cutaneous effects (n 08) being the most frequent ones (Tables 2 and 5 , and 6). Adverse events were the underlying cause of hospitalization in 16 cases (2% of the total number of hospitalizations).
Anaemia was common during hospitalization (n 0123, 15%), mostly associated with another diagnosis and in a few instances (n 015, 2%), it was the underlying cause of hospitalization.
Characteristics of patients according to the underlying cause of hospitalization Median CD4 count was lower in patients with an AIDS diagnosis (58/mm Table 1 ). The diagnosis of HIV infection was revealed during the hospitalization or within the preceding six months in 73% of patients with an AIDS diagnosis.
Hospitalization outcome
The median length of stay in hospital was 13 days (IQR: 7Á 22) . Overall, 315 (38%) patients died during their hospitalization and the median hospital stay prior to death was nine days (IQR: 3Á20). Case fatality rate was 34% in patients on ART prior to hospitalization, 40% in patients without ART but on cotrimoxazole and 43% in patients with neither ART nor cotrimoxazole. It was 46% among patients who were hospitalized because of an AIDS-defining event.
In multivariate analysis, the following variables were associated with in-hospital mortality: older age (p00.02); WHO clinical stage 3 (p 00.003) and 4 (p 00.002) versus stage 1 or 2; CD4 count B50 (p B0.0001), 50Á200 (p00.02) and unknown (p B0.0001) versus CD4 count 200/mm 3 ;
AIDS as the underlying cause of hospitalization (p00.0005) and non-AIDS-defining infections (p00.01) versus nonspecific illnesses. The underlying cause of death was AIDS (63%), non-AIDSdefining infections (26%), other diseases (7%) and non-specific illnesses or of unknown cause (4%). This distribution did not differ between men and women. The 198 patients who died from AIDS presented the following AIDS-defining diseases: TB (n 0113, 35.9% of deaths), cerebral toxoplasmosis (n 031, 9.8%), cryptococcosis (n029, 9.2%), HIV encephalopathy (n013, 4.1%), Kaposi sarcoma (n 09, 2.9%), isosporidiosis (n06, 1.9%), oesophageal candidiasis (n06, 1.9%), pneumocystosis (n 05, 1.6%), non-Hodgkin lymphoma (n05, 1.6%), cryptosporidiosis (n 04, 1.3%), cachexia (n 03, 1.0%), CMV infection (n02, 1.0%), herpes infection (n01, 0.3%) and recurrent bacterial pneumonia (n 01, 0.3%). The most frequent fatal non-AIDS-defining infections were sepsis (n021, 6.7% of deaths), malaria (n011, 3.5%), meningitis (n09, 2.9%) and infectious diarrhoea (n09, 2.9%). Several illnesses may have occurred during the hospitalization of a given patient; b CMV infection: localization non-specified; c herpes infection: genital (n 04), oral (n02), anal (n 02), meningitis (n01), cutaneous (n01), digestive (n01); d other cancers: multiple myeloma (n 01), pancreas cancer (n 01), ano-rectal cancer (n 01), abdominal tumour (n01), ENT cancer (n 01), epidermoid carcinoma of the eye (n 01).
Discussion
In 2010, seven years after ART started to be scaled-up in Africa, AIDS and other infections remain the first cause of hospitalization in HIV-positive adults in these tertiary care hospitals throughout West Africa. The most frequent diseases diagnosed were TB, pneumonia, malaria and toxoplasmosis. HIV infection was diagnosed during hospitalization or in the previous six months in the majority of the patients and half of them had already received ART before hospitalization. More than one-third of the patients died during their hospitalization and the most frequent fatal diseases were TB, cerebral toxoplasmosis, cryptococcosis and sepsis.
We provided a thorough description of a large sample of hospitalized patients in five countries in West Africa, and all patients hospitalized in participating wards during the survey period were included with an almost systematic HIV screening procedure.
We conducted this survey in reference hospitals where diagnostics tools are generally available and likely to be used, despite a general context of scarce resources. Local teams according to standardized definitions validated diagnoses. Nevertheless, some diseases may have not been properly diagnosed due to insufficient or incomplete investigation. Indeed the cost of most investigations remained born by the patient. For instance, some meningitis or sepsis may have been partially characterized. However, symptomatic diagnoses remained rare in these reference settings. Conversely, conducting the survey in tertiary hospitals may have selected the patients with the most severe illnesses. Since we hypothesized that hospital wards may be the destination of most HIV-positive patients with a severe clinical event, we believe that, apart from death outside hospital, we identified the most reachable severe conditions whose prevention, screening, diagnosis and case management need to be improved in priority.
Indeed, another limitation is the lack of identification of patients with the most severe disease conditions and who died before reaching the hospital. This happens often by lack of financial means and is a common drawback of HIV case management in sub-Saharan Africa. Finally, we acknowledge the possibility of missing patients hospitalized in other wards where HIV screening may have been omitted whereas the HIV screening coverage was extremely high in the participating wards.
HIV infection was frequently diagnosed during hospitalization or shortly before. The median CD4 at the time of hospital admission was quite low and time on ART was short, as previously reported in South Africa [30] . The short time interval between ART initiation and hospitalization was clearly the reflection of late initiation of ART with its consequences of high incidence of morbidity and mortality in the first months on treatment [9, 31] . As in this series, CD4 count at ART initiation remains too often below 200/mm 3 in resourcelimited settings even in the recent years [32] . b digestive: gastroduodenal ulcer (n015), gastritis (n 03), oesophagitis (n 04), duodenogastric reflux (n03), appendicitis/peritonitis (n03), cholecystitis (n 06), calculus of gallbladder (n 02), digestive haemorragiae (n 01), functional intestinal disorder (n07), anal fistula (n 01); c bronchopulmonary: pleuresia (n01), pneumothorax (n 01); d cardiovascular: stroke (n 019), heart failure (n 011), pericarditis (n 07), high blood pressure (n06), peripheral venous disease (n 03), pulmonary embolism (n02); e neurologic: peripheral neuropathy [n012 including four suspected adverse effects of zidovudine (n 01), d4T (n 03)], encephalitis (n 08), cerebral abscess (n 07), Guillain-Barre syndrome (n01); f psychiatric: delirium ascribed to efavirenz (n 01); g renal: renal insufficiency (n 024 including two suspected adverse effect of tenofovir), HIV associated nephropathy (n 012), glomerular disease (n 04), ureteral lithiasis (n 01); h endocrine: diabetes (n 04), thyroid, multinodular goitre (n 01), surrenal insufficiency (n01); i toxidermia (n 08 including four cases ascribed to nevirapine and one to isoniazid). The high fatality we observed among these hospitalized patients and the factors associated with in-hospital mortality have already been described in other African settings [21, 33] and may be the consequence of several parameters: the late diagnosis of HIV infection (during hospitalization or less than six months before in the majority of patients in our study) [34] associated with a low CD4 count [35] ; the severity of diseases at hospital entry that may be due in part to late presentation; and finally the limited means available for intensive care. TB, cerebral toxoplasmosis and cryptococcosis were the more frequent diseases diagnosed in the patients who died in our study, in agreement with the limited number of autopsy studies performed throughout sub-Saharan Africa [36] .
TB and pneumonia were frequent causes of hospitalization as already reported in HIV-positive individuals throughout sub-Saharan Africa [21, 33, 37, 38] . These diseases remain common within a wide range of CD4 counts [39] and are still the most frequent causes of death in this population [40] . Indeed, almost half of the patients with a diagnosis of TB died during their hospitalization. The important contribution of TB as a cause of death in HIV-positive adults in Africa has been previously described [9, 41, 42] . Earlier diagnosis of HIV infection and initiation of ART, but also intensified TB case finding, with enhanced diagnosis tools and systematic linkage between TB and HIV services are necessary to expect a decrease of such TB-related mortality [43] . In West Africa, isoniazid prophylaxis is not commonly prescribed and further research is needed to identify the reasons of this discrepancy between recommendations and practice. The high fatality of cryptococcosis even since the availability of ART was confirmed in our series (59%) [44Á46] . Since diagnosis and treatment of cryptococcosis remain difficult to implement in resource-limited settings, earlier ART initiation remains the best way to prevent death with cryptococcosis, as recommended by WHO [47] . In addition, implementation of pointof-care cryptococcal antigen tests could also be very helpful as well as the first-line treatment option with amphotericin B [47, 48] . More generally, the improvement in diagnostic tools and the availability of a whole range of free of charge treatment options are needed to optimize treatment strategies, guarantee treatment adherence and thus lower the burden of opportunistic infections and their related case fatality [49] .
In our study, malaria was diagnosed in 10% of hospitalized patients. Occurrence of malaria is common in HIV-positive individuals in West Africa and parasitemia increases while CD4 count decreases [50] . However, the fatality was lower than for other morbid conditions, partly due to the wide use of cotrimoxazole prophylaxis.
Adverse effects of treatment were not frequently suspected as causes of hospitalization. In fact most adverse effects of treatment in HIV-positive patients are of low or moderate grade and do not require hospitalization [51] .
In contrast with high-resource settings [52, 53] , the decrease in overall mortality among HIV-positive individuals in sub-Saharan Africa due to the widespread use of ART has not yet resulted, at least in our sample, in a shift toward chronic non-communicable diseases as causes of hospitalization. This is related to the late initiation of ART that cannot prevent occurrence of AIDS-related complications and undermines its effectiveness. In fact, even in individuals with a good response to treatment, the mortality risk remains high if they experienced an AIDS event before ART initiation [54] .
Conclusions
AIDS, mostly TB-related, remained the primary cause of hospitalization of HIV-positive adults in 2010 in tertiary care hospitals throughout West Africa; bacterial diseases were also frequent causes of hospitalization. In-hospital fatality remained high also. Sustained efforts are needed to generalize earlier diagnosis of HIV infection together with earlier initiation of ART as clearly recommended by international guidelines.
